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COMPOSITIONS COMPRISING MIXTURES
OF SEMIFLUORINATED ALKANES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a continuation application filed under
35 U.S.C. § 111 of U.S. patent application Ser. No. 14/427,

0277, filed on Mar. 12, 20135, which 1s a National Stage Entry
under 35 U.S.C. § 371 of International Application No.
PCT/EP2013/068882, filed on Sep. 12, 2013, which claims
priority to European Patent Application No. 121839971,
filed on Sep. 12, 2012, the contents of each of which are
hereby incorporated by reference 1n their entireties.

FIELD

The present invention 1s in the field of ophthalmic com-
positions, 1n particular topical ophthalmic compositions
which are useful in the treatment keratoconjunctivitis sicca

and/or meibomian gland dysfunction and symptoms associ-
ated therewith.

BACKGROUND

Keratoconjunctivitis sicca, also known as dry eye disease,
or dysfunctional tear syndrome, 1s a multifunctional disorder
of the tear film, and ocular surface which results in discom-
fort, visual disturbance, and often even in ocular surface
damage. Its prevalence differs widely by regions and 1is
estimated to range from about 7.4% in the USA to about
33% 1n Japan (J. L. Gayton, Clinical Ophthalmology 2009:3,
4035-412). According to another estimate, approximately 3.2
million women and 1.05 million men sufler from kerato-
conjunctivitis sicca in the USA alone. If symptomatically
mild cases are also considered, there could be as many as 20
million affected people 1n the USA.

The main physiological function of the tear film 1s the
lubrication of the ocular surface and the inner eyelid. In
addition, 1t supplies the ocular surface with the nutrients
which 1t requires, provides a smooth and regular optical
surface for the eye. Moreover, 1t protects the ocular surface
against pathogens by various mechanisms, including
mechanical removal of foreign particles but also through
antimicrobial substances which 1t contains. Consequently,
the loss 1n dynamic stability of the structure, composition,
volume and distribution, as well as clearance of the tear film
can lead to the development of dry eye disease.

The tear film 1s a dynamic structure composed of a
mucous component, an aqueous component, and a lipid
component. The mnermost layer of the film 1s the mucous
layer or component, which 1s bound to the ocular epithelium
via the mteraction of mucin molecules which are produced
by conjunctival goblet cells and by stratified squameous
cells of the conjunctiva and the cornea. The lubricating
cllect of the tear film 1s substantially based on the mucous
layer and 1ts composition.

On top of the mucous layer 1s the aqueous layer which 1s
produced by the main and accessory lacrimal glands. Its
primary function 1s to hydrate the mucous component and
contribute to the transport of nutrients, electrolytes, antibac-
terial compounds, and oxygen to the ocular surface. The
aqueous component contains water, electrolytes, lysozyme,
lactoferrin, immunoglobulins (in particular IgA), retinol,
hepatocyte growth factor, epidermal growth factor as its
important constituents.
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The outermost layer 1s the lipid layer, covering the aque-
ous layer. The lipid layer 1s formed from meibum (a complex
mixture of polar and non-polar lipids including wax and
cholesterol esters, phospholipids, di- and tri-glycerides and
hydrocarbons) secreted by the meibomian (tarsal) glands
which are positioned at the tarsal plates of the eyelids, and
to some degree also by the glands of Zeis which open nto
the eyelash follicles. The lipid mixture, which has a low
melting point and remains tluid at tissue and corneal tem-
perature, 1s secreted into the marginal reservoirs of the upper
and lower eyelid margins. It 1s understood that the blinking
action helps to promote the spreading and mixing of the
lipids 1n the lipid layer. The major role of the lipid layer 1s
primarily to reduce the rate of evaporation of the aqueous
layer by evaporation, but its functions also include enhanc-
ing the spreading of the tear film, forming a barner to
prevent tear film contamination, and providing a clear opti-
cal surface. It has been proposed that increased tear film
stability 1s associated with a thicker tear film lipid layer.

It 1s today acknowledged that keratoconjunctivitis sicca 1s
a complex, multifunctional disorder involving several inter-
acting pathophysiological mechanisms which are only
beginning to be understood (H. D. Perry, Am. J. Man. Care
13:3, S79-S87, 2008). The two mechanisms that are being
discussed as pivotal in the etiology of this disease and which
also appear to reinforce each other mutually are tear hyper-
osmolarity and tear film instability. Hyperosmolar tear fluid
can result from excessive tear film evaporation or reduced
aqueous flow. It activates an mflammatory cascade and
causes the release of imnflammatory mediators 1nto the tear
fluid, with multiple pathophysiological eflects eventually
leading to further increased tear film evaporation and tear
film 1nstability. Thus, tear film instability can be a conse-
quence of hyperosmolarity. Alternatively, tear film 1nstabil-
ity can also develop through its own etiological pathway, for
example via abnormalities of the lipid layer composition,
such as from meibomian gland disease.

The mflammation cycle 1s one of the key processes that
maintain and potentially progress the dry eye disease.
Depending on the severity of the condition, patients often
develop a reversible squameous metaphase and punctate
erosions of the ocular epithelium. Secondary diseases whose
development may be triggered by dry eye disease include
filamentary keratitis, microbial keratitis, corneal neovascus-
larisation, and ocular surface keratinisation.

Two major categories of dry eye disease (DED) are
distinguished today, which are aqueous-deficient DED and
evaporative DED. These conditions are not necessarily
mutually exclusive.

Within the class of aqueous-deficient forms of DED, two
major subtypes are diflerentiated, Sj0gren and non-Sjogren.
S1ogren syndrome patients sufler from autoimmune disor-
ders in which the lacrimal glands are invaded by activated
T-cells, which leads not only to keratoconjunctivitis sicca
but also to a dry mouth condition. The Sj6gren syndrome can
be a primary disease or result from other autoimmune
diseases such as systemic lupus erythrematosus or rheu-
mathroid arthritis. Non-Sj6gren patients suflering from an
aqueous-deficient DED usually have a lacrimal gland msui-
ficiency, lacrimal duct obstruction or reflex hyposecretion.

The second major class, evaporative DED, 1s also some-
what heterogeneous and can develop as a result of diverse
root causes. Causes associated with increased evaporative
loss of the tear film include meibomian gland disease, eyelid
aperture disorders, blink disorders (as 1n Parkinson disease)
or ocular surface disorders (as in allergic conjunctivitis). In
particular, meibomian gland diseases are prevalently asso-
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ciated with evaporative dry eye disease. For example, mei-
bomian gland dysfunction can result 1n changes 1n the
quantitative or qualitative secretion of the lipid components
required for the tear film. This in turn can lead to a failure
in forming a stable and continuous tear film, which 1is
followed by evaporative loss and hyperosmolarity. Mei-
bomian gland dysfunction can often be characterized by
gland obstruction and clogging through hyperkeratinisation
of the gland and increased viscosity of the meibum. Dys-
function can arise from a primary lid-margin related disease
or a secondary disease arising from systemic disorders such
as acne rosacea or seborrheic dermatitis.

Among the many risk factors for dry eye disease that are
known today, some of the best studied ones are advanced
age and female sex. It appears that 1n particular postmeno-
pausal women have a reduced tear production, probably
related to hormonal effects which are not very well under-
stood as vyet. Further risk factors include diets with low
omega-3-fatty acids, occupational factors (e.g. associated
with reduced blink frequency), environmental conditions,
contact lens wearing, ophthalmic surgery, certain systemic
(anticholinergics, beta-blockers, 1sotretinoin, interferons,
hormones) and ophthalmic medications (any Irequently
administered eye drops including artificial tears; especially
formulations comprising preservatives), and a number of
primary diseases such as Parkinson disease, hepatitis C, HIV
infection, and diabetes mellitus.

The management of dry eye disease relies on both non-
pharmacological and pharmacological approaches and the
therapeutic options depend significantly on the severity of
the disease state (M. A. Lemp, Am. J. Man. Care 14:3,
S88-5101, 2008).

Pharmacological treatments are required for moderate to
more severe forms ol keratoconjunctivitis sicca. However,
there are presently not many pharmacological therapies
available which have proven to be eflective and/or which
have been authorized by the regulatory agencies. Treatment
options with pharmaceutical active ingredients such as
secretagogues (e.g. cholinergic agents such as muscarinic
acetylcholine receptor antagonists) to stimulate tear produc-
tion, and anti-inflammatory agents such as corticosteroids
and oral tetracyclines have been proposed. In the US, the
major pharmacological treatment for moderate to severe
keratoconjunctivitis sicca 1s with ciclosporin (i.e.
ciclosporin A, also known as cyclosporine A), which 1s an
approved medicine 1n the form of an ophthalmic emulsions
(Restasis®) for increasing * . . . tear production 1n patients
whose tear production 1s presumed to be suppressed due to
ocular nflammation associated with keratoconjunctivitis
sicca.” (Restasis prescribing information). In this case,
according to the evidence that 1s available, topical
ciclosporin 1s probably disease-moditying rather than only
palliative.

Non-pharmacological approaches to treating dry eye dis-
case and 1ts symptoms are used initially when only mild
symptoms occur, but also as palliative measures to support
pharmacological and medical interventions. Non-pharmaco-
logical approaches may include the avoidance of exacerbat-
ing factors such as dry air, wind and drafts, tobacco smoke,
modification of working habits; eye lid hygiene; tear supple-
mentation; physical tear retention by punctal plugs or thera-
peutic contact lenses. In the case of dry eye disease exac-
erbated or caused by meibomian gland dysiunction,
measures such as heat compresses, eye lid massaging or
torced expression of the glands are also often recommended.

The mainstay of non-pharmacological DED treatment 1s
the use of artificial tears for tear substitution. Most of the
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available products are designed as lubricants. In addition,
they may function as carriers for nutrients and electrolytes
(1importantly, potassium and bicarbonate), and some prod-
ucts attempt to correct physical parameters such as an
increased osmolarity in certain forms of DED. The major
functional component of artificial tear compositions 1s an
agent which increases or adjusts the viscosity, so as to
increase retention time on the ocular surface and which at
the same time also exhibits lubricant functionality. Common
compounds used for this purpose include carboxymethyl-
cellulose and its sodium salt (CMC, carmellose), polyvinyl
alcohol, hydroxypropyl methylcellulose (HPMC, hypromel-
lose), hyaluronic acid and 1ts sodium salt, and hydroxypro-
pyl guar gum. Hydrocolloids such as hydroxypropyl guar
gum or hyaluronic acid exhibit some degree of bioadhesive-
ness and can act to add volume to the tear film. However,
compositions with a relatively high viscosity, and 1n par-
ticular gel-type formulations, may have a tendency to cause
visual blurring, as well as a tendency to cake and form
residues on the eye margins and eyelashes.

Some artificial tears comprise lipids as substitutes for the
lipid component, with the intention of mimicking the lipid
layer of the natural tear film 1n order to decrease the rate of
tear fluid evaporation. For example, U.S. Pat. No. 5,981,607
discloses compositions for the alleviation of symptoms
related to dry eye based emulsions with higher fatty glyc-
erides such as castor oil, corn o1l or sunflower oil or light
mineral oi1l. These types of lipids are, however physically
and biochemically poorly related to native lipid composi-
tions. Also, the exact fate of an emulsion mixed with tear
fluid 1n a physiological setting 1s not completely predictable,
especially i view of the vanability 1n volume and content
of the tear film 1n patients with dry eye disease.

In general, one of the disadvantages of such formulations
comprising o1l for ophthalmic administration 1s that these
inherently may have a negative impact on vision. Whether
used as o1ly solutions or oil-in-water emulsions, they exhibit
a refractive mndex which differs substantially from that of
physiological tear fluid, which leads to visual disturbances
and blurring.

Also, 1n contrast to single phase systems, emulsions may
be more complex and diflicult to manufacture, especially in
sterile form. Frequently, emulsions are not readily sterilis-
able by thermal treatment without negative impact on the
physical properties of the emulsion. On the other hand,
aseptic processing 1s complex, costly, and 1s associated with
higher risks of failure, 1.e. microbial contamination.

Oil-in-water emulsions are also more prone to microbial
contamination during use as well. If they were to be pre-
sented 1n multi-dose containers which are 1n principle more
cost-eflicient and convenient for patients than single-use
vials, they would have to be preserved in order to ensure
their microbiological quality.

At the same time however, preservatives which can be
used i ophthalmic formulations are potentially damaging to
the eye, 1n particular to the ocular surface, and should be
avoilded 1n the context of dry eye disease. At least 1n earlier
years, multi-dose formulations for ophthalmic administra-
tion had to be preserved using a physiologically acceptable
preservative 1 order to reduce the risk of microbial con-
tamination and infection. Most preservatives are however
problematic for DED patients in that they have a potential to
negatively atlect the ocular surface, thus counteracting the
therapeutic mtent. This 1s particularly relevant for patients
with moderate to severe dry eye disease symptoms who may
require frequent use for symptom relief, as well as patients
who require multiple preserved topical medicaments.
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As an alternative, single-dose containers for the admin-
istration of non-preserved formulations were developed.

These are however less cost-eflicient and convenient to
handle for the patient than the conventional multi-dose
bottle. Furthermore, ophthalmic formulations utilizing ‘van-
ishing’ preservatives such as sodium chlorite or sodium
perborate, which can convert to non-toxic ions and water
after instillation and contact with the tear film, may still be
irritating to patients especially those with severe disease
who may not have suflicient tear volume to eflectively
degrade the preservatives.

WO 2011/073134 discloses ophthalmic topical pharma-
ceutical compositions comprising Immunosuppressant
macrolides such as ciclosporin A and semifluorinated
alkanes, for treatment ol keratoconmjunctivitis sicca. The
semifluorinated alkanes 1n the disclosed compositions serve
as suitable liquid vehicles for delivering the therapeutic
pharmaceutical agent to the eye, and 1n particular have a
high capacity for dissolving extremely challenging poorly
soluble compounds such as ciclosporin. However, no men-
tion has been made as to the protective eflect and spreading,
behaviour, 1n particular of synergistic semifluorinated alkane
mixtures, on the tear film and the tear film lipid layer. Nor
does the document discuss the solubilizing etfect semifluo-
rinated alkane mixtures may have for altered state meibum
(such as the case in meibomian gland dysfunction, 1n which
glands may be clogged).

U.S. Pat. No. 7,001,607 discloses a polyaphron gel tear
substitute contaiming at least one water-soluble fluorinated
surfactant, water, and a non-polar component, in which the
nonpolar component can be fluorocarbon or a silicone oil.
The gel compositions are specifically adminmistered into the
conjunctival sac to form a gel reservoir, and are only spread
over the cornea of the eye as a liquad film over the cornea as
a result of blinking action. For patients with dry eye symp-
toms caused by eyelid/blink disorders (e.g. as a result of
Parkinson’s disease), such compositions are therefore not
useful. Moreover, as blinking 1s necessary to spread and
liquety the gel, 1t 1s likely that there would be significant
visual blurring directly after instillation, which 1s also likely
to be worse when incorrectly applied by the patient not
directly into the conjunctival sac. Furthermore, the proposed
fluorinated surfactants do not have an established clinical
record of tolerability to the human eye, and they can have a
damaging effect on the ocular surface (despite inclusion of
non-polar components which may interact more strongly
with them) once mixed with physiological tear fluid.

It 1s therefore an object of the present invention to provide
a novel composition which 1s useful in the treatment of dry
eye disease and symptoms and conditions associated there-
with, and which at the same time addresses and overcomes
the various 1ssues and at least one of the limitations or
disadvantages associated with prior art formulations. In a
specific aspect, i1t 1s an object of the mvention to provide a
composition for the palliative treatment and care of the eye
and eye tissue. In a further aspect, it 1s an object of the
invention to provide a kit comprising a composition for the
treatment of keratoconjunctivitis sicca which does not
exhibit one or more of the disadvantages of prior art. Further
objects of the invention will become clear on the basis of the
tollowing description, examples, and patent claims.

SUMMARY OF THE INVENTION

The present mnvention provides a novel composition com-
prising at least, but not limited to, two semifluorinated
alkanes. The composition can be used as a medicine, 1n
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particularly as a medicine that 1s topically administered to an
eye or ophthalmic tissue. Alternatively, the composition can
be used as a cleansing solution for the eye or ophthalmic
tissue.

In one of the preferred embodiments, the composition
comprises a first semifluorinated alkane of formula
F(CF,), (CH,), H, wherein n 1s an integer from the range of
3 to 8 and m 1s an integer from the range of 3 to 10 and a
second semifluorinated alkane of the formula F(CF,),
(CH,)_ H wherein n 1s an imteger from the range of 6 to 20
and m 1s an integer from the range of 10 to 20.

In another preferred embodiment, the invention provides
the use of such a composition 1n the treatment of kerato-
conjunctivitis sicca (dry eye) and/or meibomian gland dys-
function, and any symptoms or conditions associated there
with.

In a further aspect, the invention provides the use of such
a composition in the palliative treatment and care of an eye
or ophthalmic tissue.

In yet a further aspect, the invention provides a pharma-
ceutical kit comprising such a composition in a container
which has dispensing means adapted for topical administra-
tion of the composition to the eye or ophthalmic tissue.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the Langmur-Blodgett 1sotherms of neat
F6HS, an F6HS/F10H10 mixture, and an F6HS/F10HI12
mixture.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

In a first aspect, the invention provides compositions
comprising at least two semitluorinated alkanes. The com-
positions comprising at least two semifluorinated alkanes, in
particular 1t selected as described below, are useful for
medicines; 1 particular the compositions can be used as
medicines for topical administration to the eye. The com-
positions are further characterized by their use 1n the treat-
ment of keratoconjunctivitis sicca and related conditions.

While semitluorinated alkanes have been described in the
art, e.g. n EP-A 2 335 735, as usetul carriers for ophthalmic
drugs for the topical treatment of conditions such as kera-
toconjunctivitis sicca, the present invention 1s based on the
discovery that semifluorinated alkanes and theirr mixtures
may themselves, even 1n the absence of a drug substance, be
advantageously used 1n the therapy of such conditions.

Keratoconjunctivitis sicca 1s a complex, multifaceted dis-
case or condition as described above. It 1s also known as dry
eye syndrome, dry eye disease (DED), or dysfunctional tear
syndrome. Aqueous-deficient DED, evaporative DED are
within the scope of keratoconjunctivitis sicca and form
specific subtypes thereot. Sj6gren syndrome, lacrimal gland
insuiliciency, meibomian gland disease and meibomian
gland dysfunction, and other conditions are also within the
scope of keratoconjunctivitis sicca, being direct or indirect
causes thereof.

Meibomian gland diseases cover a broad range of mei-
bomian gland disorders including neoplasia and congenital
disorders. Meibomian gland dysfunction, on the other hand
1s understood to be abnormalities of the meibomian glands
which are often characterized by gland duct obstructions
and/or changes (qualitative and/or quantitative) to the secre-
tions of the glands. In general, conditions or disease states
causing or leading to an abnormal, reduced or increased




US 10,369,117 B2

7

delivery of lipids to the tear film can give rise to keratocon-
junctivitis sicca and the symptoms associated therewith.

Symptoms of keratoconjunctivitis sicca include a dry,
scratchy, gritty, or sandy feeling in the eye; foreign body
sensation; pain or soreness; stinging or burning; itching;
increased blinking; eye fatigue; photophobia; blurry vision;
redness; mucus discharge; contact lens intolerance; exces-
sive reflex tearing. In addition to the symptoms of kerato-
conjunctivitis sicca as described, patients with meibomian
gland dysfunction may also experience symptoms including
itchiness, redness, swelling, pain or soreness, discharge
accumulation or crusting specifically at the lid margins. It 1s
understood that not all patients suilering from keratocon-
junctivitis sicca exhibit all symptoms simultaneously.
Hence, there 1s currently no uniform set of criteria for
diagnosing the disease. It 1s also understood that patients
may sufler from one or more subtypes of keratoconjuncti-
vitis sicca, or one or more conditions or disease pathways
causing keratoconjunctivitis sicca. It 1s however important
to note that, within the scope of the present invention, any
of the aspects, symptoms or pathophysiological conse-
quences of dry eye disease may be addressed.

The key advantages of the present immvention, such as a
reduction of symptom severity of dry eye syndrome, for
example a reduction of the gritty or sandy feeling or foreign
body sensation, are brought about by compositions com-
prising at least, but not limited to, two semifluorinated
alkanes. Semifluorinated alkanes are linear or branched
alkanes some of whose hydrogen atoms have been replaced
by fluorine. In a preferred embodiment, the semifluorinated
alkanes (SFAs) used 1n the present invention are composed
of at least one non-tfluorinated hydrocarbon segment and at
least one perfluorinated hydrocarbon segment. Particularly
useiul are SFAs which have one non-fluorinated hydrocar-
bon segment attached to one perfluorinated hydrocarbon
segment, according to the general formula F(CF,),
(CH,) H, or two perfluorinated hydrocarbon segments sepa-
rated by one non-fluorinated hydrocarbon segment, accord-
ing to the general formula F(CF,) (CH,) (CF,)_F.

Another nomenclature which 1s used herein refers to the
above-mentioned SFAs having two or three segments as
RFRH and RFRHREF, respectively, wherein R ;. designates a
perfluorated hydrocarbon segment, R,, designates a non-
fluorinated segment. Alternatively, the compounds may be
referred to as FnHm and FnHmFo, respectively, wherein F
means a pertluorated hydrocarbon segment, H means a
non-tfluorinated segment, and n, m and o 1s the number of
carbon atoms of the respective segment. For example, F3H3
1s used for perfluoropropylpropane. Moreover, this type of
nomenclature 1s usually used for compounds having linear
segments. Therefore, unless otherwise indicated, it should
be assumed that F3H3 means 1-perfluoropropylpropane,
rather than 2-pertfluoropropylpropane, 1-pertluoroisopropy-
Ipropane or 2-pertluoroisopropylpropane.

Preferably, the semifluorinated alkanes according to the
general formulas F(CF,) (CH,) H and F(CF,) (CH,),
(CF,)_F have segment sizes ranging ifrom 3 to 20 carbon
atoms, 1.€. n, m and o are independently selected in the range
from 3 to 20. SFAs which are useful in the context of the
present invention are also described 1n EP-A 965 334, EP-A
965329 and EP-A 2110126, the disclosure of which docu-
ments 1s mcorporated herein.

The compositions of the mvention comprise at least, but
not limited to, two semifluorinated alkanes. In particular, the
SFA compositions in the present invention comprise of at
least two semifluorinated alkanes of the formula F(CF,),
(CH,) H. Preferably, at least two semifluorinated alkanes
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are miscible with one another. In a preferred embodiment,
the composition comprise at least two semifluorinated
alkanes of the formula F(CF,), (CH,), H, wherein one of the
semifluorinated alkanes 1s a semifluorinated alkane of for-
mula F(CF,) (CH,), H, wherein n 1s an integer from the
range of 3 to 8 and m 1s an integer from the range of 3 to 10.
In a further preferred embodiment, the composition com-
prises a lirst semifluorinated alkane of formula F(CF,),
(CH,), H, wherein n 1s an integer from the range of 3 to 8
and m 1s an integer from the range of 3 to 10 and a second
semifluorinated alkane of the formula F(CF,) (CH,) H
wherein n 1s an integer from the range of 6 to 20 and m 1s
an mteger from the range of 10 to 20. Most preferably, the
first semitluorinated alkane 1s a liquid.

Without wishing to be bound by theory, 1t 1s assumed by
the inventors that the first and the second semifluorinated
alkanes differ in their effects on the eye and complement
each other. As will be described in more detail below, the
first semifluorinated alkane 1s typically a liquid compound
which may act as a cleaning agent capable of solubilizing
fatty materials which often obstruct the meibomian glands,
whereas the second semifluorinated alkane 1s a solid com-
pound which may act as lubricant for the cornea, thus
substituting the lipid layer of the tear film, and function as
a protective layer against evaporation of water.

In a further embodiment, the compositions of the present
invention consist of at least two semifluorinated alkanes,
wherein optionally one or more excipients may be included.
As used herein, the terms ‘“‘consist of”, “consists of” and
“consisting of” are so-called closed language meaning that
only the mentioned components are present. In contrast, the
expressions “‘comprise’”, “comprises’ and “comprising”’ are
used herein as so-called open language, meaning that further
components may also be present. In a preferred embodi-
ment, compositions consist of a first semifluorinated alkane
of formula F(CF,), (CH,) H, wherein n 1s an integer {from
the range of 3 to 8 and m 1s an integer from the range of 3
to 10 and a second semifluorinated alkane of formula
F(CF,), (CH,), H wherein n 1s an integer from the range of
6 to 20 and m 1s an integer from the range of 10 to 20, and
optionally one or more further excipients. In other words,
the compositions according to this embodiment may com-
prise one or more further pharmacologically (substantially)
inert additives, but no active ingredient. In this context,
pharmacologically inert or substantially inert means that
such excipient 1s considered, or commonly used, as mnactive
ingredient 1n pharmaceutical compositions.

Compositions Iree of active ingredient, or drug-iree com-
positions, comprising at least two semitluorinated alkanes
are also preferred. Particularly preferred are compositions
free of, or excluding therapeutically effective amounts of
active mgredient, comprising a first semifluorinated alkane
of formula F(CF,), (CH,) H, wherein n 1s an iteger from
the range of 3 to 8 and m 1s an integer from the range of 3
to 10 and a second semifluorinated alkane of formula
F(CF,) (CH,), H wherein n 1s an integer from the range of
6 to 20 and m 1s an integer from the range of 10 to 20.

As used herein, active ingredient refers to any type of
pharmaceutically active compound or derivative that 1s
useiul 1n the prevention, diagnosis, stabilization, treatment,
or—generally speaking—management of a condition or
disease. Therapeutically eflective amount refers to a dose,
concentration or strength which 1s useful for producing a
desired pharmacological effect. Such composition free of
active ingredient does not act via a pharmacological mecha-
nism, but 1s believed to act primarily through 1ts physical
cllects at the site of administration.
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Preferred SFAs of the formula F(CF,), (CH,)_ H, wherein
n 1s an iteger from the range of 3 to 8 and m 1s an integer
from the range of 3 to 10 include, 1n particular, F(CF,),
(CH,)sH, F(CF,),(CH,)sH, F(CLE,)s(CH,),H, F(CF,)q
(CH,)eH, F(CE,)s(CH,)sH, and F(CL,)s(CH,),oH. Pre-
terred SFAs of the formula F(CF,) (CH,) H, wherein n 1s

an integer from the range of 6 to 20 and m 1s an integer from
the range of 10 to 20 include, in particular, F(CF,),
(CH,),,H and F(CF,),,(CH,),,H. Further preferred are
compositions comprising at least one ot F(CF,),(CH,) H,
F(C;Fz)zL(CHz)sH: F(CF,)s(CH,)6H, F(CF,)s(CH,)sH, and
F(CF,)«(CH,),,H and/or at least one of F(CF,),(CH,),,H
and F(CF,),,(CH,),,H. In another embodiment, the com-
position comprises at least two SFAs selected from

F(CE,)4(CH,)sH, FCF,)4(CHy)6H, - F(CE;)s(CH, ),H,
F(CF,)s(CH,)sH, F(CF,)s(CH,)sH, and F(CF,)s(CH,),,H
and at least one of F(CF,)(CH,),;H and F(CF,),,
(CH,),,H.

In a further embodiment, compositions may comprise at
least two semifluorinated alkanes, wherein the weight ratio
of the first semifluorinated alkane to the second semitluo-
rinated alkane 1s at least about 3:1. Preferred are composi-
tions comprising a first semitluorinated alkane of the for-
mula F(CF,) (CH,) H, wherein n 1s an integer from the
range of 3 to 8 and m 1s an integer from the range of 3 to 10,
and a second semifluorinated alkane of the formula
F(CF,), (CH,)_ H, wherein n 1s an integer from the range of
6 to 20 and m 1s an integer from the range of 10 to 20,
wherein the weight ratio of the first semifluorinated alkane
to the second semifluorinated alkane 1s at least about 3:1.
Further preferred weight ratios of the first semitluorinated
alkane to the second semifluorinated alkane are at least
about 50:1 or at least about 30:1, or at least about 10:1.

Also preferred are compositions comprising at least two
semifluorinated alkanes, wherein at least one semifluori-
nated alkane of formula F(CF,) (CH,) H wherein n 1s an
integer from the range of 6 to 20 and m 1s an 1nteger from
the range of 10 to 20 1s dissolved or miscible 1n at least one
semifluorinated alkane of formula F(CF,), (CH,) H,
wherein n 1s an integer from the range of 3 to 8 and m 1s an
integer from the range of 3 to 10.

In yet another embodiment, the compositions may com-
prise more than two semifluorinated alkanes. The composi-
tions may comprise a third, fourth, etc. semifluorinated
alkane. Preferably, compositions comprising a {irst semii-
luorinated alkane of formula F(CF,), (CH,) H, wherein n 1s
an integer from the range of 3 to 8 and m 1s an 1teger from
the range of 3 to 10 and a second semifluorinated alkane of
tormula F(CF,) (CH,)_ H wherein n i1s an integer from the
range ol 6 to 20 and m 1s an integer from the range of 10 to
20, turther comprise a semitluorinated alkane of the general
formula F(CF,) (CH,) H and/or the general formula
F(CF,), (CH,) (CF,) F. In a particular embodiment, com-
positions with a first and a second semitluorinated alkane
turther comprise a semitluorinated alkane of the formula
F(CF,), (CH,)_ H, wherein n 1s an integer from the range of
4 to 15 and m 1s an integer from the range of 4 to 15.

Liquid SFAs are chemically and physiologically inert,
colourless and stable. Their typical densities range from 1.1
to 1.7 g/cm>, and their surface tension may be as low as 19
mN/m. SFAs of the F(CF,), (CH,)_ H type are msoluble in
water but also somewhat amphiphilic, with increasing lipo-
philicity correlating with an increasing size of the non-
fluorinated segment.

Liquid SFAs of the RFRH type are being used commer-
cially for untfolding and reapplying a retina, for long-term
tamponade as vitreous humor substitute (H. Memert et al.,
European Journal of Ophthalmology, Vol. 10(3), pp. 189-
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197, 2000), and as wash-out solutions for residual silicon o1l
alter vitreo-retinal surgery. Experimentally, they have also
been used as blood substitutes (H. Meinert et al., Biomate-

rials, Artificial Cells, and Immobilization Biotechnology,
Vol. 21(5), pp. 583-95, 1993). These applications have
established SFA’s as physiologically well tolerated com-

pounds.
The SFA compositions of the present invention are suited

for ophthalmic compositions for topical administration.
SFAs are well-tolerated by the eye, as shown 1n preclinical
testing. In comparison, organic or non-aqueous solvents,
perhaps with the exception of o1ly compounds, are typically
very 1rritating or even highly damaging when administered
topically to an eye.

Moreover, compared to oily carriers or vehicles in oph-
thalmic compositions for topical use, SFAs exhibit a refrac-
tive index which 1s much better compatible with the aim of
a mimimally aflected vision: While oi1ly preparation lead to
a blurry vision and can therefore not be administered 1n any
situation 1 which the patient needs a clear vision, SFAs
cause little or no blurring.

By 1illustration, the refractive index of tear fluid 1s close to
that of water, 1.e. 1.333 at room temperature (RT). Oils
typically have a substantially higher refractive index such as
about 1.46 (peanut o1l), 1.47 (sesame oil), or 1.48 (castor
o1l). In contrast, the inventors have determined the refractive
indices of various SFAs of interest to be 1n the region o 1.29
to 1.35, 1.e. much closer to that of water. In one of the
specific embodiments, the invention 1s therefore practised
with an SFA whose refractive index 1s from 1.29 to 1.35, and
in particular from about 1.30 to about 1.35 at 20° C. The
refractive index for selected SFAs 1s shown 1n table 1.

SFA compositions of the present invention are believed to
have several functional effects when administered to the eye.
Semitluorinated alkanes are able to mix and/or dissolve well
with non-polar and lipophilic substances. It 1s proposed that
SFAs of the formula F(CF,), (CH,) H, wherein n 1s an
integer from the range of 3 to 8 and m 1s an integer from the
range of 3 to 10 may be particularly usetul for solubilizing
meibum lipids and for removing abnormal and obstructive
meibum found 1n clogged meibomian gland ducts.

TABLE 1

SEFA Refractive index
F4H4 1.308
F4H5 1.3204
F4H6 1.334
F4H7 1.3357
F4HR 1.348
F6H?2 1.295
FeH4 1.306
F6H6 1.3224
F6H7 1.3366
F6HR 1.3432
F6H9 1.3494

Meibum 1s the lipid secretion of the meibomian gland
ducts and 1s normally secreted as a clear fluid comprising a
complex mixture of polar and non-polar lipids such as
cholesterol and wax esters, acyl glycerides, free fatty acids
and phospholipids. In their dysfunctional state, the glands
producing meibum may express secretions with an altered
composition of those lipids which exhibit increased viscos-
ity and which may also contain particulate cellular matenal.
Such secretions can obstruct the gland ducts and may be
ineflective for forming a functional stable and continuous
tear film lipid layer, leading to lipid tear film deficiency, and
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the condition and symptoms of keratoconjunctivitis sicca. It
1s proposed that semifluorinated alkane compositions com-
prising at least two SFAs, one of which 1s an SFA of the
tormula F(CF,) (CH,)_ H, wherein n 1s an integer from the
range of 3 to 8 and m 1s an iteger from the range of 3 to 10
may be eflective 1n solubilizing, 1n particular, obstructing
and/or viscous meibomian secretions comprising polar and
non-polar lipids such as cholesterol and wax esters, acyl
glycerides, free fatty acids and phospholipids, thus enhanc-
ing their clearance from the eye.

In addition, 1t 1s further proposed that the SFA composi-
tions of the present invention can also serve as either a
replacement, substitute or supplement to the tear film lipid
layer. For patients sullering from dry eye syndrome, the SFA
compositions of the present invention may have a lubricat-
ing as well as a protective eflect. It 1s believed that the SFA
compositions are capable of forming a protective film over
the corneal surface and prevent aqueous evaporative loss of
the tear film. In particular, SFAs of formula F(CF,),
(CH,) H wherein n 1s an mteger from the range of 6 to 20
and m 1s an nteger from the range of 10 to 20 are thought
to be useful 1 this capacity, such as by mixing with, and
supplementing the existing tear film lipid layer, or forming
a film over the corneal surface. Evaporation of the tear film
generally leads to tear hyperosmolarity, which can lead to
the triggering of undesirable inflammatory pathways. SFAs,
being non-aqueous, have no osmolarity. Consequently,
unlike some conventional aqueous ophthalmic preparations
(which have intrinsic, and often high, osmolarity), SFA
compositions will not contribute to tear hyperosmolarity and
have, 1n fact, an opposing and protective effect through the
prevention of tear evaporation.

Furthermore, due to the similarity of their refractive
indexes with water, SFAs are particularly suited to the
purpose of replacing, supplementing, or mixing with the tear
film, compared to lipid substitutes such as castor oil or
mineral o1l which have been used in prior art eye formula-
tions and which can confer a haze or blurriness to the vision
upon and also for significant periods of time after instilla-
tion. SFAs also have improved lubricating properties which
help mimimize stinging or grainy sensations olten experi-
enced by the patient upon application of aqueous-based
compositions.

Compositions comprising at least a first semitluorinated
alkane of the formula F(CF,), (CH,) H, wheremn n 1s an
integer from the range of 3 to 8 and m 1s an 1nteger from the
range of 3 to 10, and at least a second semitluorinated alkane
of the formula F(CF,), (CH,) H, wherein n i1s an integer
from the range of 6 to 20 and m 1s an 1nteger from the range
of 10 to 20 are believed to have the dual function of
solubilizing or aiding in the removal of obstructive or
viscous meibum lipids and serving as a tear film lipid layer
replacement, as described above. As such, these composi-
tions are particularly useful 1n the treatment of meibomian
gland dysfunction and/or keratoconjunctivitis sicca and con-
ditions and symptoms associated therewith.

Moreover, SFAs exhibit a remarkable wetting and spread-
ing behaviour by which they can rapidly and effectively
spread over the corneal surface and conjunctiva. Wetting
means the ability of a liquid to establish and maintain
contact with a solid surface, resulting from intermolecular
interactions when the two are brought together. The balance
between adhesive and cohesive forces determines the degree
of wetting. The higher the adhesive forces compared to the
cohesive forces, the more a drop of liquid will spread across
the surface of the solid material. Conversely, very high
cohesive forces within the liquid will cause the drop to form
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a sphere, thus avoiding contact with the surface. Similarly,
spreading may also occur at the interface of two liquids
which are brought into contact with each other.

A measure for wetting and spreading 1s the contact angle
0. The contact angle 1s the angle at which the liquid-vapour
interface meets the solid-liquid or liquid-liguid interface.
The tendency of a drop to spread out increases as the contact
angle decreases. Thus, the contact angle provides an 1inverse
measure of wettability.

A low contact angle of less than 90° indicates high
wettability and/or spreading, whereas a higher contact angle
indicates poor wettability and spreading. Perfect wetting and
spreading results 1n a contact angle of 0°, also reported as no
measurable contact angle.

SFAs exhibit excellent wetting of various surfaces. For
example, the contact angle of both F4HS and F6HS on
tablets compressed from either trospium chloride or fenofi-
brate (150 mg of drug substance compressed at 15-20 kN to
tablets of 13 mm 1n diameter) 1s not measurable, 1.e. there 1s
perfect wetting. It 1s noted that fenofibrate 1s an example of
a hydrophobic, poorly water-soluble compound, whereas
trosptum chloride 1s hydrophilic and water-soluble. For
comparison, the contact angle of purified water on the
fenofibrate tablet was determined as 92.5°, 1.e. the tablet was
poorly wetted by water.

It has now been found by the inventors that compositions
comprising at least two SFAs as defined herein can exhibit
surprisingly enhanced spreading behaviour compared to
SFAs alone or SFAs in combination with non-fluorinated or
fluorinated organic solvents. For example, when a 50-uL
droplet of a solution of F(CF,),,(CH,),.H m F(CF,),
(CH,).H was administered to a glass surface, an almost
two-Told increase 1n the spread area of the droplet, compared

to F(CF,).(CH,):H alone, was observed (Table 2).

TABLE 2
Liquid droplet surface area (2 minutes after application
of 50 ul. of liquud to a glass surface)
Substance Liquid covered surface area [cm”]
F4H5 7.54 + 0.33
FA4HS5/F10H12 (27 mg/mL) 14.12 £ 0.57
F4HS5/F10H10 (27 mg/mL) 12.28 = 0.16
FAHS/FRH100H (27 mg/mL) 1.43 + 0.31
F6HS 12.89 + 0.94
FOHK/F10H12 (27 mg/mL) 14.28 + 0.29
FO6HK/F10H10 (27 mg/mL) 13.21 = 0.73
FOHS/FRHI100H (27 mg/mL) 1.62 £ 0.39
Nonane 5.20 £ 0.18
Nonane/F10H12 (27 mg/mL) 1.96 £ 0.07
Perfluorodecalin 1.45 £ 0.02

Monolayer films formed by compositions comprising at
least a first semifluorinated alkane of the formula F(CF,),
(CH,), H, wherein n 1s an integer from the range of 3 to 8
and m 1s an integer from the range of 3 to 10, and at least
a second semifluorinated alkane of the formula F(CF,),
(CH,), H, wherein n 1s an integer from the range of 6 to 20
and m 1s an 1nteger from the range of 10 to 20 have moreover
increased stability than compared to those formed by a
single SFA alone. Langmuir isotherm experiments of neat
F6HR (F(CF,)(CH,),H), for example, demonstrate that 1t

does not form a stable monolayer. In contrast, it has been
found that 1sotherms of a mixture of F6HS with a semifluo-

rinated alkane of the formula F(CF,) (CH,), H, wherein n 1s

an 1integer from the range of 6 to 20 and m 1s an 1nteger from
the range of 10 to 20 (1.e. F10H12 and F10H10) demonstrate
stable film monolayer characteristics (FIG. 1).
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The enhanced spreading behaviour and stable film prop-
erties of such combinations of SFAs are particularly advan-
tageous for ophthalmic compositions 1n general and for
ophthalmic compositions aimed at treating the dry eye
condition. A droplet administered to the surface of the eye
may lead to rapid spreading of the SFA mixture composi-
tions over the corneal surface and the formation of a film.
Eflicient spreading would allow for a more eflective distri-
bution over the ocular surface. A stable film that does not
immediately break up would also provide a longer-lasting
lubricating effect on the ocular surface.

Overall, there would be significantly less reliance placed
on the blinking mechanism of the patient (which may be
ineflective or hindered by the diseased state) to spread the
composition over the ocular surface. It 1s believed that the
compositions of the invention may thus be more efliciently
administered to the ocular surface, in comparison with
conventional formulations which are generally aqueous
based and have poorer spreading behaviour. As such, less
frequent administration to the dry eye for relief may be
achieved with these compositions.

A further advantage of the invention that 1s based on the
use ol more than one SFA 1s that they can be designed or
mixed for optimally adjusted residence time after adminis-
tration, 1.e. the viscosity and evaporation behaviour of the
composition can be tuned. This provides an additional
means 1n which to optimize the formulation of an ophthal-
mic composition for a more eflective residence time 1n the
eve.

In addition, SFAs are also capable of forming very small
droplets when dispensed from a dropper such as an eye
dropper. Without wishing to be bound by theory, it is
believed that the small droplet size 1s a result of an interplay
of the SFA’s umique properties 1 terms of their density,
viscosity, and surface tension. In any case, 1t 1s believed that
for topical administration 1into an eye a small drop or volume
of administration 1s highly advantageous as the capability of
the lacrimal sac to accept and hold fluid 1s extremely limaited.
In fact, 1t 1s very common that the admimstration of a
conventional eye drop formulation based on water or oil
immediately leads to a discharge of a substantial fraction of
the administered medicine as well as some tear fluid. At the
same time, there 1s a risk that some of the administered dose
will be taken up systemically via the nasolacrimal duct.

The 1nvention also provides a means of formulating
non-aqueous ophthalmic compositions which are microbio-
logically stable. Aqueous ophthalmic compositions are
prone to bacterial contamination. In comparison, SFAs have
bacteriostatic properties and do not support microbial
growth. Hence, 1t 1s possible to formulate preservative-iree
ophthalmic compositions which are better tolerable for
many patients, 1n particular patients suflering from kerato-
conjunctivitis sicca. Such compositions also do not promote
bacterial infection of the eye lid margin 1n patients who, for
example, are sullering from obstructed or blocked mei-
bomian glands.

The compositions of the mvention are thus very well
suited for the topical administration to an eye or ophthalmic
tissue. Ophthalmic tissue includes any surface of the eye
anatomy that 1s, or can be (1.e. by non-surgical means)
topically exposed. Preferably, the compositions are admin-
istered to the cornea or conjunctiva. The compositions are
also preferably administered to the upper or lower eye hid
margins, meibomian gland ducts, eyelashes or any area of
the eye or eye lid anatomy.

In a further embodiment, the compositions of the inven-
tion can be used for the palliative treatment and care of the
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eye or ophthalmic tissue. The compositions can be used as
a palliative measure, 1.e. to alleviate or relieve ocular symp-
toms associated ophthalmic disorders or conditions, includ-
ing keratoconjunctivitis sicca and meibomian gland dys-
function. For example, they may be used in addition to
medicines comprising an active ingredient whose dosing
frequency 1s typically limited by tolerability or safety con-
cerns. The compositions may also be used as a palliative
measure for alleviating or relieving any non-disease related
sensation of dryness, irritation, or discomfort of the eye.
Preferably, compositions consisting of at least two or more
semifluorinated alkanes and optionally one or more further
excipients are used in the palliative treatment and care of any
eye or ophthalmic tissue. The said compositions are admin-
1stered not to cure, prevent or mtervene 1n any of the root
ctiological pathways of an ophthalmic disease and its symp-
toms, but may be applied for the sole purpose of alleviating
and relieving the symptoms of said disease. Particularly
preferred 1s the use of the compositions of the invention as
artificial tears, tear substitutes or tear replacements or eye
lubricants. Said compositions may be used concomaitantly or
in conjunction with eye compositions with pharmaceutically
active mgredients (e.g. immunosuppressant eye drops) that
are aimed at curing or treating the root causative pathways
of an ophthalmic disease. In the use of the said compositions
for the palliative treatment and care of the eye or ophthalmic
tissue, the compositions may be administered one or more
times daily.

In yet another further embodiment, the compositions of
the mvention may be used as a cleansing solution for the eye
or ophthalmic tissue. The compositions are preferably used
to cleanse or help remove or wash away any accumulated
debris or discharge such as meibum secretions from the eye
lid, eye Iid margins, eye lashes, or eye crevices. Compared
to aqueous formulations, the SFA compositions are able to
spread more readily, and thus are able to reach the more
diflicult to access regions of eye lid anatomy. In a particular
embodiment, the compositions for use as a cleansing solu-
tion are formulated to be administered as a spray. This can
be usetul for patients either averse to, or unable to apply the
compositions via eye drops.

Optionally, the compositions of the invention may further
comprise lipophilic vitamin derivatives. It 1s noted that
vitamins and vitamin derivatives, depending on the exact
compound and strength, may also be considered as active
ingredients. Lipophilic vitamin derivatives include vitamin
A and their dentvatives, for example, retinol and its esters
(e.g. retinol palmitate or retinol acetate), retinoic acid,
retinal, as well as other retinoid derivatives and their esters;
vitamin E (e.g. a-tocopherol) and their denivatives (e.g.
tocotrienols) and esters (e.g. tocopherol acetate or tocoph-
erol TPGS). In an embodiment of the invention, liquid
compositions comprising at least two or more semitluori-
nated alkanes further comprise at least one solubilized
lipophilic vitamin or vitamin derivative.

In yet another embodiment, the compositions of the
invention may further comprise polyunsaturated fatty acids
such as omega-3 fatty acids and/or omega-6 fatty acids.
Such fatty acids may contribute to the tear film lipid layer
and may be native to the tear film lipid layer. Omega-3 fatty
acids can have an anti-inflammatory effect. They serve as
precursors for the biosynthesis of anti-inflammatory media-
tors such as resolvins and protectins. It 1s noted, that such
fatty acids and their derivatives, depending on the exact
concentration and strength, may be considered as active
ingredients. Examples of omega-3 fatty acids (also known as
m-3 fatty acids or n-3 fatty acids) include eicosapentaenoic
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acid (EPA), docosahexaenoic acid (DHA), alpha-linolenic
acid (ALA). Examples of omega-6 fatty acids (also known
as m-6 fatty acids or n-6 fatty acids) include gamma-
linolenic acid, linoleic acid, dihomo-gamma-linolenic acid.
Denvatives of omega-3 fatty acids or omega-6 fatty acids,
such as alkyl ester derivatives are also within the scope of
the invention. Particularly preferred alkyl ester derivatives
are eicosapentacnoic acid ethyl ester or docasahexaenoic
acid ethyl ester. Derivatives of eicosapentaenoic acid or
docosahexaenoic acid such as resolvins and neuroprotectins
are also considered. In a particular embodiment, liquid
compositions comprising at least two or more semitluori-
nated alkanes further comprise one or more omega-3-fatty
acid or omega-3-fatty acid derivative, and/or omega-6 fatty
acid or omega-6 fatty acid denivative.

The compositions of the invention may also optionally
turther comprise carotenoid and carotenoid derivatives, 1n
particular xanthophylls. Particularly preferred are lutein and
zeaxanthin. Derivatives of lutein or zeaxanthin, such as
lutein or zexathin esters are also considered. In a particular
embodiment, liquid compositions comprising at least two or
more semifluorinated alkanes further comprise lutemn or a
derivative thereof.

In another embodiment, the compositions of the invention
may also further comprise flavan-3-ols such as catechins.
Catechin or catechin 1somers (e.g. epicatechin) and deriva-
tives (for example, ester derivatives of catechin) are par-
ticularly preferred.

Optionally, one or more further excipients may be used in
the SFA compositions. Additional excipients may also, in
addition to the SFAs serve to contribute to the deficient tear
f1lm and tear film lipid layer in patients with keratoconjunc-
tivitis sicca, related conditions, and symptoms associated
therewith. Preferred are excipients that are biocompatible
and are tolerated by the eye, and which are liquid and/or
soluble and miscible in SFAs In particular, excipients are
preferably selected from lipids, oils, lipophilic vitamins,
lubricants, viscosity agents, antioxidants surfactants and
mixtures of two or more thereof.

Examples of potentially useful lipids and oily excipients
and which may be included in the SFA compositions of the
invention include triglycernide oils (e.g. soybean oil, olive
o1l, sesame o1l, cotton seed o1l, castor o1l, sweet almond o1l),
mineral o1l (e.g. petrolatum and liquid paraflin), medium
chain triglycerides (MCT), oily {fatty acids, 1sopropyl
myristate, oily fatty alcohols, esters of sorbitol and fatty
acids, o1ly sucrose esters, oi1ly cholesterol esters, oily wax
esters, glycerophospholipids, sphingolipids, or any o1ly sub-
stance which 1s physiologically tolerated by the eye. Any
synthetic, semi-synthetic or natural oily excipients which
mimic or are structurally analogous or related to the com-
ponents naturally found 1n the tear film lipid layer are also
within the scope of the mvention.

Examples of potentially usetul lipophilic vitamin excipi-
ents include vitamin A and their dernivatives, for example,
retinol and 1ts esters (e.g. retinol palmitate or retinol acetate),
retinoic acid, retinal, as well as other retinoid derivatives and
their esters; vitamin E (e.g. a-tocopherol) and their deriva-
tives (e.g. tocotrienols) and esters (e.g. tocopherol acetate or
tocopherol TPGS). In an embodiment of the invention,
liquid compositions comprising at least two or more semi-
fluorinated alkanes further comprise at least one lipophilic
vitamin excipient that 1s completely solubilized. Further
preferred are compositions consisting of at least two or more
semifluorinated alkanes and one or more further excipients,
wherein at least one of the excipients 1s a lipophilic vitamin.
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Examples of potentially useful fatty acid excipients
include polyunsaturated fatty acids such as omega-3 fatty
acids and/or omega-6 fatty acids. Such excipients may
contribute to the tear film lipid layer and may be native to the
tear film lipid layer. Examples of omega-3 fatty acid (also
known as m-3 fatty acids or n-3 fatty acids) excipients
include eicosapentaenoic acid (EPA), docosahexaenoic acid
(DHA), alpha-linolenic acid (ALA). Examples of omega-6
fatty acid (also known as w-6 fatty acids or n-6 fatty acids)
excipients 1include gamma-linolenic acid, linoleic acid,
dihomo-gamma-linolenic acid. Derivatives of omega-3 fatty
acids or omega-6 fatty acids, such as alkyl ester derivatives,
are also within the scope of the invention as excipients.
Particularly preterred alkyl ester derivatives are eicosapen-
taenoic acid ethyl ester or docasahexaenoic acid ethyl ester.
In a particular embodiment, liquid compositions comprising
at least two or more semifluorinated alkanes further com-
prise one or more omega-3-fatty acid excipients or omega-6
fatty acid excipient. Further preferred are compositions
consisting of at least two or more semifluorinated alkanes
and one or more further excipients, wherein at least one of
the excipients 1s an omega-3 fatty acid excipient or an
omega-6 fatty acid excipient, or derivatives thereof.

Examples of potentially useful lubricants and/or viscosity
agents include carboxymethyl cellulose, hydroxymethyl cel-
lulose, hydroxypropyl cellulose, glycerol, polyvinyl alcohol,
polyethylene glycol, propylene glycol, hyaluronic acid,
hydroxypropyl guar.

Examples of potentially useful antioxidant excipients
include carotenoid and carotenoid derivatives, in particular
xanthophylls. Particularly preferred are lutein and zeaxan-
thin. Dernivatives of lutein or zeaxanthin, such as lutein or
zexathin esters are also considered. Other preferred antioxi-
dant excipients considered to be potentially useful include
flavan-3-ols such as catechins. Catechin or catechin isomers
(e.g. epicatechin) and their derivatives (for example, ester
derivatives of catechin) are particularly preferred.

Potentially useful surfactant excipients include 1n particu-
lar non-1onic surfactants or amphiphilic lipids. Surfactants
which are considered potentially useful include tyloxapol,
poloxamers such as Pluronic F68LF or Lutrol F68, Pluronic
L-G2LF and Pluromic 62D, polysorbates such as polysor-
bate 20 and polysorbate 80, polyoxyethylene castor oil
derivatives, sorbitan esters, polyoxyl stearates, and mixtures
of two or more thereof.

The composition may of course comprise further excipi-
ents as required or usetul such as acids, bases, electrolytes,
buflers, solutes, antioxidants, stabilisers, synergists, and—if
required 1n a particular case—a preservative. The composi-
tions may be formulated to be administered as a liquid
solution, gel, emulsion, microemulsion, suspension, or
spray. They may be prepared by commonly known tech-
niques for the manufacture of said liquid solutions, gels,
emulsions, microemulsion, suspensions, Or sprays.

Furthermore, the invention provides a pharmaceutical kit
comprising the composition as described above and a con-
tamner holding the composition. Preferably, the container
which contains the composition has a dispensing means such
as a dropping device adapted for topically administering the
composition to the eye of a patient.

EXAMPL

L1

Example 1

Langmuir-Blodgett 1sotherm measurements were taken
tor neat F6HS (F(CF,)(CH,)<H), and for mixtures of F6HS
with FIOH10 (F(CF,),,(CH,),,H) and with F10H12 ((F
(CF3),0(CH,),,H).
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A solution of F6HS 1n chloroform (1 mg/mlL) was pre-
pared. 59 ul of this solution was spread onto a Langmuir-
Blodgett trough with Milli-Q-purified water as the sub-phase
at 25° C. After allowing the solvent to evaporate (15 min),
compression was initiated at a barrier rate of 4 cm?*/min.
Similar conditions were used for the semifluorinated alkane
mixtures.

In result, the 1sotherm of neat F6HS (F(CF,)(CH,)H)
demonstrated that 1t has poor capabaility for forming a stable
monolayer. The 1sotherm shows predominantly a liquid
expanded (LE) characteristics, upon further compression
there appears to be only a very briel ordered liquid con-
densed (LLC) phase. The 1sotherms of the mixtures of F6HS/
F10H10 and F6HS/F10H12 1n contrast show a significantly
detectable transition of an LE phase to the more ordered LC

phase, and monolayer collapse occurs only at higher pres-
sure values (FIG. 1).

The 1nvention claimed 1s:

1. A method for treating Meibomian Gland Dysiunction,
comprising administering, to a patient in need thereotf, a
composition comprising a liquid semifluorinated alkane to
the surface of the cornea and/or conjunctiva; and

wherein the semifluorinated alkane 1s F(CF,).(CH, )<H;

and

wherein said composition 1s eflective i spreading out

over the corneal and conjunctival surface and penetrat-
ing the Meibomian gland and/or Meibomian gland
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ducts, and wherein said composition 1s eflective solu-
bilizing the abnormal Meibomian secretions of said
patient.

2. The method according to claim 1, wherein said abnor-
mal Meibomian secretions exhibit an increased viscosity
and/or contain particulate cellular material.

3. The method according to claim 2, wherein said abnor-
mal Meibomian secretions obstruct the Meibomian gland
ducts.

4. The method according to claim 1, wherein said abnor-
mal Meibomian secretions are ineflective in forming a
functional stable and continuous tear film lipid layer and/or
result 1n lipid tear film deficiency.

5. The method according to claim 1, wherein said com-
position 1s free of a therapeutically effective amount of any
pharmaceutically active drug substance useful for ophthal-
mic treatment.

6. The method according to claim 1, wherein the patient’s
Meibomian Gland Dysfunction i1s associated with kerato-
conjunctivitis sicca (dry eye disease), or evaporative dry eye
disease.

7. The method according to claim 1, wherein the compo-
sition solubilizes meibum lipids and removes abnormal and
obstructive meibum from clogged Meibomian gland ducts.

8. The method according to claim 1, wherein the compo-
sition consists of F(CF,).(CH,)H.

9. The method according to claim 1, wherein the compo-
sition 1s Iree of any active ingredients.
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : 10,369,117 B2 Page 1 of 1
APPLICATIONNO.  :15/712053

DATED : August 6, 2019
INVENTOR(S) : Bernhard Giinther et al.

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below:

In the Claims

Clamm 1, Column 18, Lines 1-2, -1s effective solubilizing- should be changed to --1s effective 1n
solubilizing--

Signed and Sealed this
Sixth Day of June, 2023

Katherme Kelly Vidal
Director of the United States Patent and Trademark Office
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